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(S) A liquid crystal display. 

(g) A LCD display 100 is disclosed which comprises a plurality of transparent display layers 110, 120, 130 
superimposed one on another, each display layer including a liquid crystal region and electrodes for 
applying a voltage across at least one portion of the region to display an image. A display of this 
construction allows three-dimensional images, and effects of depth and collision to be more cleariy 
shown, particularly for use with a hand-held or table-top electronic game. 
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This invention relates to a liquid crystal display 
particularly, but not exclusively, for use with a hand- 
held or table-top electronic game. 

Hand-held electronic games of the type generally 
shown in Fig. 1 have been proposed, such games 
including a liquid crystal display 10 mounted in a cas- 
ing 20 fonned of plastics material. Two buttons 30, 40 
are provided and are disposed so that when the game 
is held in both hands, the buttons 30, 40 can be 
actuated by the user's thumbs. Optionally, a button 50 
for selecting one of a plurality of available games and 
a "set" button 60 for a time function may be provided. 

A game program is stored in a micro-processor 
and. in accordance with the program, images may be 
displayed on the display 10 and certain of the images 
"moved" by operation of buttons 30, 40, The display 
10 has a background 70 and a transparent LCD dis- 
play layer which includes a liquid crystal region pro- 
vided with a network of transparent electrodes on 
opposed sides thereof, a pair of opposed electrodes 
being of a shape to provide a required Image when a 
voltage is passed therebetween, as is well known in 
the art. 

In the display shown in Fig. 1 , the background 70, 
for example, may illustrate a road 86 and the elec- 
trodes may selectively display, for example, motorcy- 
cles racing one another. These are schematically 
shown in the drawing of Fig. 1 as squares 74, triangles 
76. diamonds 78 and circles 80. The images 74, 76. 
78, 80 are of steadily reducing size and the back- 
ground 70 Is drawn in perspective to give a three- 
dimensional effect 

The game player Is able to move his motor-cycle 
represented by squares 74 into one of the four indi- 
cated positions in order to avoid conflict with other mo- 
tor-cycles represented by triangles 76. In the game, 
motor-cycle 74 "overtakes" motor-cycles 76 which are 
selectively seen to approach from positions 80 to 78 
to 78. This gives some notice so that avoiding action 
can be taken to avoid a crash which would result in the 
loss of a "life". 

It Is a disadvantage of displays used in such 
games that images cannot be superimposed one on 
another to show a crash, for example as this would 
cause a short circuit between the display electrodes. 

Furthemnore. use of perspective in the images 
and background does not provide a convincing 
impression of depth. 

It is an object of the invention to provide a liquid 
crystal display which alleviates the disadvantages 
noted at>ove. 

According to the invention in a first aspect, there 
is provided a liquid crystal display comprising a 
plurality of transparent display layers superimposed 
one on another, each display layer including a liquid 
crystal region and electrode means for applying a volt- 
age across atleast one portion of the region to display 
an Image of an object, the electrode means of two said 



layers includes electrodes to provide images of the 
same object; and means for displaying the images 
sequentially. 

According to the invention in a second aspect, 
5 there is provided an electronic game comprising a dis- 
play having a plurality of display layers superimposed 
one on another, each display layer including a liquid 
crystal region and electrode means for applying a volt- 
age across at least one portion of the region to display 
10 an image of an object. 

Preferably, the electrode means of two or more 
said layers are of such shape to provide a three- 
dimensional image of an object, or to provide images 
of an object which steadily decrease in size from one 
15 layer to another so that when shown consecutively the 
image appears to be moving away or towards the 
game player. Alternatively the electrodes of the layers 
provide images which overiap in the viewing direction 
of the display, so that collisions between two objects, 
20 by superimposing the images, may be shown. 

An embodiment of the invention will now be des- 
cribed, via example, with reference to the accompany- 
ing drawings In which: 

Fig. 1 shows a prior art hand-held game. 
25 Fig. 2 is a schematic drawing of an embodiment 

of the invention. 

Fig. 3 illustrates a first image effect which may be 
obtained with the embodiment, with Fig. 3A being an 
exploded perspective view of a display and Fig. 3B 
30 showing a first image effect obtained using the embo- 
diment of the invention. 

Figs. 4A and 4B are similar to Fig. 3 but showing 
another image effect which can be obtained using the 
embodiment of the invention. 
35 Figs. 5A-5C are similar to Fig. 3 but showing two 

further image effects which can be obtained using the 
embodiment of the invention. 

An embodiment of the invention is shown in Fig. 
2 and comprises a LCD display generally designated 
40 100 driven by a microprocessor 105, the display 
including two or more (in this case three) display 
layers 110. 120, 130, each layer including a liquid 
crystal region and a plurality of first and second trans- 
parent electrodes (not shown) disposed on either side 
45 of the liquid crystal region. As is well known in the art, 
the shape of the electrodes determines the image pro^ 
duced on the LCD layer as, when a voltage is applied 
across the electrodes the refractive index of the liquid 
crystal changes only over the part of the liquid crystal 
50 region which the electrodes cover. 

The liquid crystal display layers 1 10, 120, 130 are 
superimposed one on another to provide an integral 
display and may be disposed contiguously, or spaced 
to provide an increased depth effect A background 
55 e.g. as shown in Fig. 1 , may also be provided behind 
the rear-most display layer 130. 

A display of this construction allows three-dimen- 
sional images and perspective effects to be more 
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effectively shown as well as allowing fine movement 
of Images. 

The electrodes of the display layers are addres- 
sed in multiplex fashion in the same way as a conven- 
tional LCD display, the only difference being that, 5 
effectively, addressing in the *T direction is possible 
in addition to the usual "X-Y* directions. 

With reference to Fig. 3, a first application of the 
invention is illustrated in which a three-dimensional 
representation of an article is shown. Images of cir- 10 
cles of steadily decreasing size 140, 142, 144 are pro- 
vided on LCD display layers 130, 120, 110 and when 
ail three images are shown together a "cone" image 
results as shown in Fig. 3B. 

Fig. 4 shows how the display 100 may be used to f5 
provide an enhanced movement effect along the 
viewing direction 90 in which similar images 150. 152 

a, b, c and 154 a, b. c are provided on screen layers 
1 10, 1 20, 1 30; successive showing of image 150 and 

one of images 152 a, b. c and one of images 154 a, 20 

b, c gives the impression of an object moving away 
from the front of the screen. Movement across the 
screen can also be shown, for example, by showing 
image 154b. then Image 152a and then Image 150. 

With reference to Fig. 5 two further movement 25 
effects are illustrated. In Fig. 5B, images 160 and 164 
are provided on display layer 110 and image 162 is 
provided on display layer 120. As shown in Fig. 5B. if 
the images 160, 162 and 184 show the same object, 
significantly finer movement of that object by succes- 30 
sively showing images 160, 162 and 164 can be 
obtained, as image 162 overlaps both Images 160 and 
1 64. It is not possible to do this in the prior art display 
as this would entail adjacent electrodes touching one 
another which would result in a short circuit. 35 

In Fig. 5C if image 160 portrays a different object 
to images 164 and 162, a collision between the 
objects can be more clearly illustrated as display of 
image 160 and 162 simultaneously will result in the 
images being partly superimposed. In the prior art dis- aq 
play this is not possible, again because this would 
require adjacent electrodes to be touching thus creat- 
ing a short circuit. 

While the embodiment of the invention has been 
described in conjunction with an electronic game, this 45 
is not to be construed as limitative and the display may 
be used for any application. 



(150. 152a) of the same object; and means (105) for 
displaying the images sequentially. 

2) A display as claimed in claim 1 wherein said 
images (150, 1 52a) are of relatively different size. 

3) A display as claimed in claim 1 wherein said 
images (160, 162) are of the same size. 

4) A display as claimed in claim 3 wherein the 
images (160, 162) overiap in the viewing direction of 
the display. 

5) A display as claimed in any one of the preced- 
ing claims wherein the display comprises three said 
layers (110, 120. 130). 

6) A display as claimed in any one of the preced- 
ing claims wherein two adjacent said layers (110. 120) 
are contiguous. 

7) A display as claimed In any one of the preced- 
ing claims wherein a gap is provided between two 
adjacent said layers (110, 120), 

8) A display as claimed in any one of the preced- 
ing claims further comprising a back or side light or 
reflector for illuminating the display. 

9) A display as claimed in any one of the preced- 
ing claims further comprising a background viewable 
through the display layers in the viewing direction. 

10) An electronic game having a liquid crystal dis- 
play as claimed in any one of the preceding claims, 

11) A game as claimed in claim 10 wherein the 
game is of a hand-held or table-top type. 

12) An electronic game comprising a display hav- 
ing a plurality of display layers (110, 120, 130) 
superimposed one on another, each display layer 
including a liquid crystal region and electrode means 
for applying a voltage across at least one portion of 
the region to display an image of an object 

13) An electronic game as claimed in claim 12 
wherein the electrode means of two said layers are of 
such shape to provide a three-dimensional image 
(142, 144) of an object when displayed simul- 
taneously. 

14) An electronic game as claimed in claim 12 
wherein the images (160, 162) of two said layers are 
of different objects and are arranged to be displayed 
simultaneously. 

15) An electronic game as claimed in claim 14 
wherein the images overiap in the viewing direction of 
the display. 
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Claims 50 

1) A liquid crystal display comprising a plurality of 
transparent display layers (110. 120. 130) superim- 
posed one on another, each display layer including a 
liquid crystal region and electrode means for applying 55 
a voltage across at least one portion of the region to 
display an image of an object, the electrode means of 
two said layers includes electrodes to provide images 
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